Possible relations between incidence and prevalence of sick building syndrome (SBS), indoor exposures, and personal factors were studied in a four year longitudinal study among personnel (n = 129) in six primary schools. The The sick building syndrome (SBS) has various nonspecific symptoms such as eye, skin, and upper airway irritation, headache, and fatigue.' Such symptoms are not uncommon in the general population but several studies have shown that these symptoms are more common among people working in so called sick buildings.2'2 Most of these studies only dealt with symptoms among office workers.2"79 A survey performed in a tricounty region in Sweden, however, showed that not only offices but also schools and day care centres were common among the sick buildings known by the occupational health care centres.'0
poor outdoor air supply. Indoor concentration of volatile hydrocarbon (VOC) was enhanced at high room temperatures. Respirable dust, but not concentration of VOC was enhanced at lower ventilation rates and high air humidity. Chronic SBS was related to VOC, previous wall to wall carpeting in the schools, hyperreactivity, and psychosocial factors. Incidence of new SBS was related to concentration of respirable dust, current smoking, and the psychosocial climate. Remission of hyperreactivity, decrease in sick leave owing to airway illness, removal ofcarpeting in the schools, and moving from new to old dwellings resulted in a decrease in SBS score. It is concluded that SBS is of multifactorial origin, related to a variety of factors and exposures. The total concentration of hydrocarbons is a simple and convenient measure of exposure, which also seems to be a predictor ofchronic symptoms. Further investigations on the effect of temperature, ventilation, and air humidity on SBS should consider how these factors may influence the chemical composition of the air. Because poor air quality in schools could also affect the children, it may have implications for the state of health of a large proportion of the population.
The sick building syndrome (SBS) has various nonspecific symptoms such as eye, skin, and upper airway irritation, headache, and fatigue.' Such symptoms are not uncommon in the general population but several studies have shown that these symptoms are more common among people working in so called sick buildings.2'2 Most of these studies only dealt with symptoms among office workers.2"79 A survey performed in a tricounty region in Sweden, however, showed that not only offices but also schools and day care centres were common among the sick buildings known by the occupational health care centres. '0 In two recent studies, we found a relation between the prevalence of symptoms in sick buildings and the concentration of volatile organic hydrocarbons (VOC)" and the presence of wall to wall carpets. '2 Other studies have shown that the amount of fleecy material in the building,4 age of buildings,5 room temperature,9 the type of ventilation system,23 and passive smoking9 influence the prevalence of symptoms. Personal factors may also have an influence.4" Although several cross sectional studies on the sick building syndrome have been published,2"8 longitudinal studies aimed to identify factors related to changes of symptoms are sparse. 7 12 One aim of this study was to identify indoor exposures and personal factors related to the prevalence of chronic SBS symptoms and the incidence of new symptoms. Another was to study the effect of changes over time in personal and building related factors on the prevalence of SBS.
Material and methods Data were obtained from an earlier longitudinal study based on a questionnaire and performed in May 1982 and May 1986 to study the effect on different types of symptoms of the removal of wall to wall carpets in schools.'2 This information was related to chemical measurements of the indoor air quality performed during November 1986, after the questionnaire study was finished.
The study base consisted of personnel in six out of a total of 14 primary schools in a major Swedish city (Uppsala). They were observed during the period 1982-6. To produce a sufficient number of subjects exposed to wall to wall carpets in schools, the study included all personnel from the two schools with wall Norbdck, Torgen, Edling to wall carpets. Also, all personnel in a random sample of two newer and two older primary schools with hard floor coatings in the city of Uppsala were included. The two older schools were stone buildings without forced ventilation. The two newer schools and the two schools with wall to wall carpets were one floor brick buildings equipped with forced ventilation without air conditioning. All six schools were built before the so called energy crisis in 1974.
In 1982 a self administered questionnaire was sent to all personnel (n = 205) in the six selected schools. During the period 1982-6, the wall to wall carpets were gradually removed from the schools and replaced with hard PVC floor coating. Other than the removal of the carpets, no other change in building material, ventilation system, or activity occurred during the investigation period. In 1986, the same questionnaire was mailed to those in the initial study group still at work in the primary schools of Uppsala (n = 141).
ASSESSMENT OF SYMPTOMS AND PERSONAL FACTORS
The occurrence of symptoms among the school personnel was recorded by a self administered questionnaire. The questionnaire required information on personal factors such as smoking habits, atopy, hyperreactivity, sick leave, work stress, work satisfaction, and climate of cooperation at work. It contained questions requiring "yes" or "no" answers on 16 different symptoms and covered the previous six months. No were measured by a direct reading instrument based on light scattering (Sibata P-5H2) calibrated by the manufacturer to 0 3 gm particles of stearic acid.
Volatile organic compounds in the indoor and outdoor air were sampled on charcoal sorbent tubes (SKC 226-01), the air sampling rate being 1 1/min during two hours. The charcoal tubes were then kept at -20'C, until desorbed with 1 ml of carbon disulphide before analysis, which was performed within a week from the sampling day by a gas chromatograph (Hewlett Packard model 5880) equipped with flame ionisation detector and packed glass columns. The injector temperature was 150'C, the detector temperature 200'C, and the carrier gas flow 30 ml/min of nitrogen. Fifteen common hydrocarbons were identified and quantified by using an external standard technique comparing the retention times of the samples and the standards on two different columns. When quantifying low boiling uncalibrated hydrocarbons (C3-C12), the response factor of n-decane was used; high boiling unknown hydrocarbons (>C12), utilised the response factor of a mixture of high boiling hydrocarbons (dodecyl benzenes). The total concentration of identified and unidentified hydrocarbons in air (total VOC expressed as pg/m') was calculated.
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Results
In (table 2) .
In all schools, the concentration of formaldehyde was below the detection limit (< 10 g/m'). The mean indoor concentration of VOC ranged from 70 to 180 ig/m' (table 3) . The greatest variation was found for n-alkanes and high boiling hydrocarbons. The largest group of compounds consisted of aromatics and unidentified low boiling compounds.
During the measurements, the outdoor temperature varied from 1 to 8'C (mean 4'C), the outdoor respirable concentration of dust was 2-7 pg/m', and concentration oftotal hydrocarbon was 11-55 pg/m'. (fig 2) , but no significant relation between these factors and the concentration of total VOC could be shown. (mg/m3), VENT is the outdoor air rate (I/s/person), R is the correlation coefficient, n is the number of measurements, and p is the two tailed p value of the slope).
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group concentration (mg/im'), HUMIDITY is the relative air humidity (RF%), R is the correlation coefficient, n is the number of measurements, and p is the two tailed p value of the slope).
temperature and concentration of VOC (fig 3) . The initial analysis of data showed that persons with at least one chronic symptom on average were exposed to higher room temperature, lower air humidity, and higher concentrations of both total VOC and particular types of compounds (table 5) tRatio of exposure (arithmetic mean) among subjects with at least one chronic symptom (N = 48) and subjects without any chronic symptom (N = 49). 'Significance of difference in arithmetic mean exposure calculated from Student's t test.
that two personal factors were related to prevalence of at least one chronic symptom-namely, nonspecific hyperreactivity (p < 0-05) and psychosocial dissatisfaction index (p < 0 01). Wall to wall carpets in the work environment (p < 0-01) but not in the home were also related to chronic symptoms. In the final regression model (table 6) concentration of VOC, but not room temperature or air humidity correlated significantly with the prevalence of chronic symptoms (p < 0-01). Both the concentration of total hydrocarbon and four identified groups (table 7) .
Subjects reporting at least one new symptom on average were exposed to lower room temperature and higher air humidity (table 8) . Logistic analysis and IEye irritation, swollen eyelids. **Eczema, facial itching, facial rash, itching or rashes on the hands. tIncomplete answers from five subjects.
IDifference in number of symptoms between subjects reporting development of hyperreactivity compared with those with permanent non-hyperreactivity. §Number of symptoms per annual week of sick leave due to airway illness. 11Difference in number of symptoms between subjects in workplaces where wall to wall carpets were removed compared with subjects without such carpets in their workplaces during 1982-6. IlDifference in number of symptoms between subjects moving from old to new buildings compared with those continuously living in old houses. Three variables were non-significant (p > 0-05) predictors of symptom score changes-namely, psychosocial dissatisfaction index, fleecy material on the walls, and wall to wall carpets in the dwelling.
symptoms. Concentration of dust was significantly related to the incidence of eye symptoms (p < 0-05) but not to the incidence ofother symptoms (table 10) .
Multiple regression analysis of the influence of changes on the SBS showed that changes in two personal factors were positively related to a change in number of symptoms (table 11) . These factors were non-specific hyperreactivity (p < 0-01) and sick leave due to airway illness (p < 0 05). Removal of wall to wall carpets in the workplace reduced the number of symptoms (p < 0-05). Moving from old to new dwellings increased the SBS score, and moving from new to old dwellings decreased the number of SBS symptoms (p < 0-05).
Discussion
We have shown that a relation exists between SBS symptoms and measured environmental factors such as VOC and respirable dust. Also, environmental indicators such as the age of the dwelling and carpeting in schools and personal factors such as current smoking, hyperreactivity, and psychosocial dissatisfaction were related to the symptoms.
Selection bias can occur as a result of both a low response rate and incorrect study design. The schools included in this study were selected on the basis of two criteria, namely age of building and the presence of wall to wall carpets in the schools, regardless of the prevalence of symptoms. Also, the participation rate was high in our study, and therefore the probability of selection bias due to loss of subjects from the studied sick building groups was minimised. The study was restricted, however, to subjects remaining in the schools of Uppsala during the period of investigation. In theory, poor quality of indoor air or other work related factors could cause sensitive subjects to leave the school environment, and thus the study would underestimate the true effect of the environment. In the first part of this study, however, the opposite was shown, namely an increased number of symptoms in 1982 among those who remained in the schools during 1982-6 compared with those who left the environment of the school during this period. '2 Another problem regarding validity is the possible response bias due to awareness ofthe exposure. Some building related factors such as type of ventilation or type of floor material are known by the inhabitants of the buildings. Thus it is impossible to perform a "blind" field study of the effects of these factors. On the other hand, the concentration of indoor air pollutants was not known by the study subjects as the exposure measurements were performed after the questionnaire study was completed. The results of the measurements could therefore not influence the responses to the questionnaire. Also, only specific exposures and specific factors were found to correlate with the number of symptoms.
Finally, in multivariate modelling of epidemiological data, the type of regression model or mass significance may influence the result.'7 In this study, both linear and logistic regression analysis resulted in the same parameters showing significance. With regard to the discussed aspects of internal validity, we do not think that the result of our study is due to response bias, selection bias, mass significance, or the selection of a particular regression model.
Some of the symptoms included in the sick building syndrome are similar to symptoms of common colds. In our study, changes in the frequency of sick leave owing to respiratory illness corresponded to changes of symptoms but the average rate of sick leave was not related to prevalence of chronic symptoms or incidence of new symptoms. Sick leave in airway illness has earlier been shown to be one factor related to the prevalence of symptoms in sick buildings in a cross sectional study."
Signs of hyperreactivity were related to changes of symptoms and chronic symptoms. Besides atopy, hyperreactivity may be related to smoking.'8 Also, common infections of the airway may induce temporary bronchial hyperreactivity among normal subjects. '9 In sick buildings, self reported hyperreactivity had earlier been shown to be related to the prevalence of symptoms."
The mean degree of psychosocial dissatisfaction was strongly related to both prevalence of chronic symptoms and particularly to the incidence of new symptoms. This is in agreement with earlier cross sectional studies where psychosocial factors were found to be related to this type of symptom. In a Finnish report, room temperatures above 22°C were related to an excess of SBS symptoms.9 Both room temperature and air humidity were significantly related to such symptoms in our initial statistical analysis. We also showed covariation between these climatological factors and the indoor concentrations of VOCs and respirable dust. In our final regression models, however, chemical factors but not room temperature or air humidity were significantly related to symptoms.
The Danish town hall study found an association between a large amount of fleecy material in offices and a higher prevalence of the sick building syndrome,4 but did not differentiate between fleecy material on the floor and on the walls. We were able to separate the effect of fleecy material in different parts ox the environment, and we found that only wall to wall carpets in the work environment were related to the sick building syndrome. This could be explained by the fact that these carpets were old and more contaminated than carpets in the dwellings or fleecy material on the walls of the schools. From the result of an observational study on dust and microorganisms in carpets, it appears that wall to wall carpets in schools are more contaminated than wall to wall carpets in offices. 26 In our study, we found a relation between concentration of respirable dust and incidence of eye symptoms. To our knowledge, no other study on the sick building syndrome has shown a relation between airborne dust and such symptoms. As no further chemical or biological analysis of the dust was performed, it is difficult to speculate on the mechanisms of the induction of symptoms. Our finding, however, indicates that aerosols, as well as VOCs, should be considered when investigating the sick building syndrome.
There are few studies on the relation between the home environment and the sick building syndrome. We found a positive association between change of symptoms and moving from old dwellings to dwellings built after the energy crisis (1974) . This agrees with the town hall study, where the highest prevalence of symptoms was found in new office buildings.5 A negative association between age of building and indoor hydrocarbon concentration in pre-schools had been reported earlier. 29 The sick building syndrome is of multifactorial origin, related to both personal factors and environmental factors. Because certain personal factors are related to the prevalence and incidence of the syndrome, these factors must be carefully controlled in epidemiological studies. Investigations on the effect of conventional parameters of indoor climate such as temperature, humidity, or ventilation on the sick building syndrome should consider how these factors may influence the indoor concentration of both volatile chemicals and aerosols.
Although some types of hydrocarbons might contribute to the sick building syndrome more than other compounds, the sum of hydrocarbon concentrations is a simple and convenient measure that seems to be a predictor of chronic symptoms. The findings of this study may be explained by sensory irritation from the complex mixture of hydrocarbons occurring in the indoor air. Irritation mediated by the trigeminal nerve shows little or no adaption over time."' Effects of air pollution other than sensory irritation may also contribute to chronic airway symptoms, as suggested by the finding that asthma and allergic rhinitis increased among Swedish conscripts.3' In the future, investigations on the sick building syndrome should consider both the possibility of acute and chronic effects of the modern non- 
